Introduction
Pain is a frequent complication following surgery and is a key concern of patients. 1 Inadequately controlled postoperative pain can increase length of stay, total health care costs, and the risk of developing chronic pain. 2, 3 Despite these concerns, postoperative pain is often undermanaged. 1 Laparoscopic techniques are associated with less postoperative pain and analgesic requirements, compared with traditional open laparotomy. 4, 5 Laparotomy, however, is still required in some cases, including a variety of major gastrointestinal (GI) procedures.
Due to the risk of specific adverse events that can delay recovery, current analgesic guidelines seek to reduce the amount of opioids utilized in the postoperative setting.
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The risk of opioid-related adverse events is particularly worrisome following GI surgery, since they include nausea, vomiting, and constipation. 7 As a result, a multimodal analgesic approach is recommended that involves regular administration of nonselective nonsteroidal anti-inflammatory drugs (NSAIDs), cyclooxygenase (COX)-2-specific inhibitors (COXIBs), or acetaminophen, unless contraindicated, to reduce the amount of opioids necessary to provide adequate pain relief. 6 Though nonselective NSAIDs are effective for the management of postoperative pain, they are associated with specific GI-related events including ulceration and hemorrhage. 8, 9 This is thought to be attributed to inhibition of COX-1, which is constitutively expressed throughout the body and plays an important role in protection of the GI mucosal lining.
9,10 COX-2 expression, in contrast, is largely limited to sites of inflammation, and there is less risk of GIrelated adverse effects associated with the use of COXIBs, as compared with nonselective NSAIDs. 8, [10] [11] [12] Nonselective NSAIDs may also increase postoperative bleeding via COX-1-mediated inhibition of platelet aggregation. 13 Parecoxib, an injectable COXIB, is approved in over 80 countries for the treatment of postoperative pain. Previous studies have shown that parecoxib reduces postoperative pain and opioid requirements following a variety of surgery types, including gynecologic and orthopedic procedures. [14] [15] [16] [17] [18] [19] Studies have also shown the utility of parecoxib following specific minor GI procedures such as laparoscopic cholecystectomy and endoscopic retrograde cholangiopancreatography. [20] [21] [22] [23] [24] To our knowledge, however, there are no published reports of placebo-controlled trials examining the use of parecoxib in patients following major GI surgery. Therefore, this analysis examined the analgesic efficacy and potential for opioid sparing of parecoxib in patients, following a variety of diverse major GI surgeries requiring laparotomy.
Patients and methods
Data source
This is a subset analysis of patients undergoing major GI surgery by laparotomy requiring general, spinal, or epidural anesthesia. Patient data were derived from a large, randomized, double-blind, placebo-controlled trial of parecoxib for the treatment of postoperative pain following noncardiac surgery. Full details of the methods can be found in the original publication. 25 The study was approved by an Institutional Review Board at each study site (Table S1) , and written informed consent was obtained from all subjects.
Treatment
Patients were randomized to parecoxib/valdecoxib or matching placebo after they recovered from anesthesia. The parecoxib/valdecoxib treatment regimen consisted of the following (Table 1) : an initial 40 mg intravenous (IV) dose of parecoxib on Day 1 (the day of surgery after recovery from anesthesia); 20 mg IV or intramuscular (IM) doses of parecoxib every 12 hours thereafter (through at least Day 3); and 20 mg oral doses of valdecoxib every 12 hours (until Day 10). Patients were transitioned from IV/ IM parecoxib to oral valdecoxib once they could tolerate oral medication, but no sooner than Day 4. Supplemental analgesia was allowed during the IV/IM and oral phases of the study. This consisted of morphine via patient-controlled analgesia (PCA) or bolus administration in the IV/IM phase and codeine with acetaminophen or hydrocodone with acetaminophen during the oral phase. It should be noted that all outcomes in this analysis were assessed at a time when patients were receiving IV/IM parecoxib (Days 2 and 3) and had not yet received valdecoxib. Thus, the parecoxib/ valdecoxib group will simply be referred to as the parecoxib group from here on.
Assessments
Daily, patients rated their pain on a scale from 0=none to 3=severe pain at 2, 4, 8, 12, and 24 hours after the first daily dose of study medication. Summed pain intensity (SPI) over 24 hours (SPI-24) was calculated as described previously and was compared between placebo and parecoxib-treatment groups on Day 2 (the day following surgery) and Day 3. 25 Briefly, the SPI scores were calculated from the five pain assessments recorded each day. Each rating was weighted by the number of hours between the time it was obtained and the time the previous rating was obtained, so that the SPI score=(2-hour rating×2)+(4-hour rating×2)+(8-hour rating×4)+(12-hour rating×4)+(24-hour rating×12). The potential range of these scores was 0-72. 
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The question on pain interference with function in the modified Brief Pain Inventory-short form was used to generate a composite pain interference with function score for both treatment groups. The five items assess pain interference with general activity, mood, walking ability, relations with others, and sleep. The composite score was compared between treatment groups on Days 2 and 3.
The cumulative amount of supplemental morphine consumed was determined at 24, 48, and 72 hours post-initial dose of study treatment and was compared between the placebo and parecoxib groups.
The frequency of opioid-related symptoms was assessed on Day 2 using the Opioid-Related Symptom Distress Scale. These symptoms included drowsiness, retching/vomiting confusion, dizziness, itching, difficulty with urination, constipation, inability to concentrate, nausea, and fatigue.
Finally, both physicians and patients evaluated the study medication at the time of transition from IV/IM to oral dosing using a scale from 1=poor to 4=excellent.
Statistical analyses
Statistical analyses were performed on all randomized patients who received at least one dose of study medication. When necessary, missing data was imputed using a last observation carried forward approach. SPI-24 scores and the amount of morphine consumed were compared between treatment groups using a general linear model with treatment and country as factors. Composite modified Brief Pain Inventory-short form pain interference with function scores were compared between groups using a general linear model with treatment and country as factors. A relative risk (RR; parecoxib versus placebo) was calculated for each opioid-related symptom, based on the percentage of patients experiencing a specific symptom in each treatment group, using a 2×2 table, and groups were compared using a Fisher's exact test. A RR (parecoxib versus placebo) of experiencing ≥1, ≥2, and ≥3 opioid-related symptoms was also determined for Day 2. Global evaluation of study medication scores was compared between treatment groups using a CochranMantel-Haenzel test controlling for country. Additional summaries were conducted using descriptive statistics.
Results
The placebo and parecoxib treatment groups comprised 126 and 111 patients, respectively. Patient demographics are shown in Table 2 and were similar between treatment groups. The types of surgical procedures performed were also similar between treatment groups.
Significantly lower mean pain intensity scores were evident for patients in the parecoxib group, compared with placebo, on both Days 2 and 3 following surgery (Figure 1 ). Mean SPI-24 scores in the parecoxib group were 33% and 35% lower than placebo on Days 2 and 3, respectively (both p<0.001). The absolute difference between treatment groups was 11.0 on Day 2 and 9.3 on Day 3. Pain interference with function scores were also significantly lower among patients receiving parecoxib compared with placebo ( Figure 2 ). On Day 2, the mean composite pain interference with function score was 1.1 points lower in the parecoxib group than in the placebo group, which represents a 29% relative reduction (p<0.001). Likewise, the mean composite pain interference with function score was 0.9 points lower in the parecoxib group than in the placebo group on Day 3, which represents a 36% relative reduction (p<0.001).
At each time point examined, the cumulative amount of morphine consumed was significantly less in patients receiving parecoxib, relative to placebo (Figure 3) . The relative reduction was 45% at 24 hours, 41% at 48 hours, and 40% at 72 hours (all p<0.001). The absolute reduction of morphine in milligrams was 8.3 mg at 24 hours, 14.3 mg at 48 hours, and 16.9 mg at 72 hours. The risk of experiencing 
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Essex et al ≥1 opioid-related symptoms was also lower in the parecoxib group than in the placebo group on Day 2 (RR=0.75; p<0.001). Regarding specific opioid-related symptoms, the risks of fatigue (p<0.05) and drowsiness (p<0.05) were significantly lower in patients receiving parecoxib compared to those receiving placebo (Figure 4) . Patient ( Figure 5A ) and Physician ( Figure 5B ) Global Evaluation of Study Medication scores were significantly better in the parecoxib group than in the placebo group at the time of transition from IV/IM to oral dosing (both p<0.001). A greater percentage of patients in the parecoxib group (44%) rated their treatment as "Excellent", compared with the placebo group (17%). Likewise, fewer patients rated the treatment as "poor" or "fair" in the parecoxib group (8%) than in the placebo group (36%). Physician ratings were similar to the patient ratings.
Discussion
Pain following major GI surgery can cause patient distress, delay mobilization, and lengthen recovery times. This study is the first, to our knowledge, to demonstrate that parecoxib is effective at relieving pain following a variety of diverse major GI surgeries involving laparotomy. In the days immediately following surgery, patients receiving parecoxib + morphine PCA reported significantly less pain than patients receiving placebo + morphine PCA. SPI scores were 33% and 35% lower in the parecoxib group, relative to placebo, on postoperative Days 2 and 3, respectively. A similar reduction in composite pain interference with function scores was also evident with parecoxib treatment, relative to placebo, on Day 2 (a 29% reduction) and Day 3 (a 36% reduction). This composite score takes into account the effects of pain on general activity, mood, walking ability, and relations with others. These data suggest that the analgesic benefit provided by parecoxib was associated with improvements in overall patient function.
Current multimodal analgesic recommendations aim to reduce the postoperative consumption of opioids and opioid-related adverse events that can stress the patient and delay recovery. 26 In our study, patients receiving parecoxib consumed 40%-45% less morphine PCA, relative to placebo, over the first 24-72 hours post-initial dose of study medication. Thus, parecoxib provided a significant opioid-sparing effect. On postoperative Day 2, the risk of experiencing ≥1 opioid-related symptoms was significantly reduced in the parecoxib group compared with placebo. When specific opioid-related symptoms were reviewed, only the risks of fatigue and drowsiness were significantly reduced with parecoxib. However, these two symptoms were, by far, the most commonly reported events by patients in the placebo group (>50% of patients). The risk of most other opioidrelated symptoms, with the exceptions of vomiting and 
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Parecoxib following major gastrointestinal surgery nausea, vomiting, and constipation) was a result of the GI procedure itself, as opposed to a side effect of opioid treatment. This may explain, at least in part, why there was not a decreased risk of these symptoms associated with parecoxib, even though it provided a significant opioid-sparing effect.
The overall benefits of IV/IM parecoxib treatment were recognized by both patients and physicians, as evidenced by their Global Evaluation of Study Medication scores just prior to switching to oral treatment. While these findings are encouraging, they are also limited in that our analysis was based on a subset of patients from a larger clinical trial that was not designed or powered to specifically assess the endpoints examined here. The patient sample size in each treatment group, however, was relatively large and equivalent to previous trials of parecoxib. In addition, our findings in patients undergoing major GI surgery are in agreement with previous studies of parecoxib in other surgical models, including major and minor gynecologic surgery, [14] [15] [16] total knee replacement, 17 total hip replacement, 18, 19 and minor GI surgeries. 23, 24, 27 In these studies, both single-dose 14, 15, 23, 24, 27 and multiple-dose [15] [16] [17] [18] [19] regimens of IV parecoxib have been shown to be effective against postoperative pain and, often, were associated with an opioid-sparing effect. [16] [17] [18] Indeed, guidelines from the Procedure-Specific Postoperative Pain Management group recommend the use of NSAIDs and/or COXIBs, such as parecoxib, as part of a multimodal analgesic approach following a variety of surgeries including major GI surgery (e.g., colonic resection).
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Conclusion
This study is the first to demonstrate that a multiple-dose regimen of IV parecoxib, initiated upon recovery from anesthesia, provides a significant analgesic benefit and opioid-sparing 
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